Abstract: Soy Protein Isolates (SPI) with covalent modification by (-)-Epigallocatechin-3-Gallate (EGCG) were prepared under the alkaline condition. The effects of covalent modification on the emulsifying and foaming properties of SPI were evaluated. The Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) profiles of the modified SPI revealed that EGCG treatment caused cross-linking of subunits. Emulsifying activity of modified SPI significantly increased when compared with that of control (p<0.05) at the concentration of 35 mg/mL. Modification of SPI by EGCG caused a decrease in the foam volume initially. In the range of 15 to 35 mg/mL, the foaming activities of modified SPI were found to be less than those of the control (p<0.05). The foaming stabilities of modified SPI were significantly higher when compared to those of control (p<0.05). The results obtained in this study indicated the modification by EGCG resulted in the enhancement of emulsifying activity and foaming stability of SPI. This modification may serve as a promising approach for improving functional properties of SPI.
INTRODUCTION
Soy Protein Isolates (SPI) is the most highly refined soy products commercially available and represent the major protein fraction of the soy bean. SPI as a valuable food ingredient with important functional properties is gaining acceptance as functional food ingredient. Emulsifying and foaming properties are important parameters generally for the application of SPI. There is a need to improve the functional properties of SPI to maximize the efficiency of its use in the food industry. SPI can be designed for enhancing functional properties by altering the protein composition and/or modifying the proteins. Chemical modification has been developed to improve the functional properties of SPI and consequently to promote its utilizations in food products (Babiker et al., 1998; Matemu et al., 2011) .
Phenolic Compounds (PCs) are defined as compounds possessing one or more aromatic rings bearing a hydroxyl substituent (s), Dietary PCs have received much attention in recent years due to their biological activity. PCs may be oxidized in an alkaline solution to corresponding quinones (Rawel et al., 2005) . The quinones may react with cysteine, lysine, methionine and tryptophan residues in protein (Rawel et al., 2002 (Rawel et al., , 2004 . (-)-Epigallocatechin-3-Gallate (EGCG) is the most abundant and biologically active polyphenol in green tea. Several reports have confirmed that EGCG could covalently bind to the amino acid residues in proteins by means of its autoxidation (Ishii et al., 2008; Mochizuki et al., 2002) . Chemical modification has been focused on an effective method to improve the functional properties of protein. However, such interactions have not yet been emphasized enough for their role played in affecting the functional properties of SPI. The purpose of the present study was to underscore the influence of covalent modification with EGCG on the emulsifying and foaming properties of SPI. Sample preparation: SPI (35.0 g) was suspended in 950 mL of water and the pH value was adjusted to 9 using 0.5 M NaOH. EGCG (0.2 g) dissolved in 20 mL of water were added. After 24 h of reaction time under continuous stirring at 35°C with free exposure to air, neutralization was done using 1 M HCl. The total volume of reaction system was adjusted to 1 L with water. The modified SPI by EGCG was obtained with the concentration of 35 mg/mL. The control was prepared under the same conditions but without addition of EGCG.
MATERIALS AND METHODS

Materials
Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE):
Gel electrophoresis was conducted according to the method described by Laemmli (1970) using 12% acryl amide separating gel and 1% acryl amide stacking gel. Protein samples were mixed directly with the SDS-PAGE sample buffer solution containing 5% β-mercaptoethanol, 2% SDS, 5% glycerol and 0.05% bromphenol blue. About 50 µg of protein was loaded per well. The gel electrophoresis was carried out at 120 V constant voltages. The gel was stained with 0.1% Coomassie Brilliant Blue-R250. Molecular weight marker proteins were run along with test samples.
Determination of emulsifying properties:
Emulsion Activity Index (EAI) was determined according to the method of Aewsiri et al. (2009) , with a slight modification. Soybean oil (5 mL) and sample suspension (15 mL) were homogenized using a dispersing homogenizer at a speed of 20,000 rpm for 1 min. Emulsions were pipette out at 0, 10 and 20 min and 200-fold diluted with 0.1% SDS, respectively. The mixture was mixed thoroughly for 10 sec using a vortex mixer. Absorbance of the resulting dispersion at 500 nm was measured using a spectrophotometer. EAI were calculated by the following formula: Determination of foaming properties: Foaming activity and foaming stability were measured according to the method described by Thewissen et al. (2011) with some modification. An equivalent of 20 mL of sample suspension with different concentration was accurately weighted out and the original volume of liquid was measured. This was quantitatively transferred into a blender and whipped for 3 min at high speed. The mixture was poured immediately into a 100 mL measuring cylinder and the total volume of the foam was measured immediately after 30 sec. 
RESULTS AND DISCUSSION
SDS-PAGE analysis: SDS-PAGE was employed to monitor structural changes of SPI subunits after reaction. Figure 1 shows SDS-PAGE patterns of SPI and modified SPI. The SDS-PAGE patterns of the control SPI sample (Fig. 1, lane 1) exhibited the characteristic bands for the constituents of SPI. These bands are in good agreement with the results reported by Walsh et al. (2003) . The SDS-PAGE profiles of modified SPI (Fig. 1, lane 2) revealed that EGCG treatment caused cross-linking of subunits, as evidenced by the disappearance on the intensity of the bands with low molecular weight. At the same time, the formation of new bands was observed at the top of the separating gel.
Emulsifying properties: Proteins are the main emulsifying agents in many foods. Emulsifying activity is important parameter generally used to investigate the emulsifying properties of proteins in food emulsion systems. Emulsion Activity Index (EAI) expressed as the turbidity of emulsion at the wavelength of 500 nm is shown in Table 1 . Modified SPI showed significant increase in EAI when compared with the control (p<0.05). Emulsifying activity of a protein emulsifier depends on its ability to form adsorption films around the oil globules and to lower the interfacial tension at the oil-water interface. The improved emulsifying activity of modified SPI could be attributed to changes in the conformational and surface properties of protein structures (Kuan et al., 2011) . Protein changes on the conformational structure would affect surface hydrophobicity and subsequently lead to better adsorption of the oil-in-water emulsion system (Jambrak et al., 2009) . Protein cross-linking is indicated by the result obtained from SDS-PAGE. The results suggest that conformational changes of SPI would have given rise to an improvement of the emulsifying properties.
Forming properties:
Foam formation is an important requirement in the manufacture of foods such as ice cream, cakes and meringues. Therefore, the ability of SPI to form foams could be essential to their application in the manufacture of nondairy foods. The foaming activities of samples at different concentration are presented in Table 2 . Modification of SPI with EGCG caused a decrease in foam volume initially. The foaming activities of modified SPI were found to be less than those of the control (p<0.05). The foaming stability was determined 15 min after whipping. The foaming stability of SPI and modified SPI was presented in Table 3 . In the range of 15 to 35 mg/mL, the foaming stabilities of modified SPI were significantly higher (p<0.05) when compared to those of control.
CONCLUSION
In conclusion, the results obtained in this study indicated the possibility of EGCG treatment to induce cross-linking of SPI. The modification by EGCG resulted in the enhancement of emulsifying activity and foaming stability. The modification may serve as a promising approach for improving functional properties of SPI, because of the safety due to the naturally occurring reaction.
